INTRODUCTION {#sec1-1}
============

Prostate cancer screening for the population has been questioned by united states preventive service task force (USPSTF), where it has been recommended that regardless of age, men without symptoms should not routinely have their PSA tested.\[[@ref1]\] Despite that prostate specific antigen (PSA) is being done world-wide to detect early prostate cancer.

PSA is not a cancer specific marker and its positive predictive value (PPV) to detect prostate cancer for the range of 4-10 ng/ml and normal rectal examination (RE) is around 30%.\[[@ref2]\] With such a low PPV, 70% of men undergo unnecessary trans rectal ultrasonography (TRUS) guided biopsy to diagnose prostate cancer.\[[@ref3]\] To reduce this percentage of unnecessary biopsy, f/t PSA has been described to improve specificity of total PSA in the PSA range of 4-10 ng/ml without affecting its sensitivity.\[[@ref4]\]

There is a significant geographical variation in the incidence of prostate cancer with incidence rates varying by more than 25-fold world-wide with the lowest rates reported from Asian countries.\[[@ref5]\] Therefore, PPV of PSA in the range of 4-10 ng/ml is lower in Asian countries than the west.\[[@ref6]\] Our own data set on more than 4000 men presenting to the urology office with lower urinary tract symptoms (LUTS) has given a PPV of only 15.2% in PSA range of 4-10 ng/ml with normal RE (under publication in Indian Journal of Medical Research). In countries like India, where population based screening is not practiced; men seeking medical help for LUTS are often subjected to PSA testing.

Although data on diagnostic characteristics of free PSA in symptomatic men are not there, free PSA is often advised in men with raised PSA levels. This study has analyzed the test characteristics of free PSA and its ratio to the total PSA (f/t PSA) and its utility in screening men presenting with LUTS for benign prostatic hyperplasia (BPH).

METHODOLOGY {#sec1-2}
===========

From January 2006 to June 2012, men with LUTS with American Urologic Association (AUA) symptom score of moderate to severe category, who had RE and PSA testing formed the cohort for this study. Men between the ages from 50 to 75 years were included for the analysis. Men with clinical evidence of prostatitis, positive urine culture, men on urethral catheter, 5 α reductase inhibitors and those who had surgery or biopsy on the prostate in last 3 months were excluded. Men with positive RE, i.e. asymmetry, induration or nodularity were excluded. Transrectal ultrasound guided 10-12 core systematic biopsy was performed in all cases. Institute ethical committee permission was sought.

Though the free PSA is recommended in general population with PSA of 4-10 ng/ml to reduce the unnecessary biopsy, here in due to low PPV of the PSA in Asians, we included men with PSA between 4-20 ng/ml.

After taking a difference of 5% of mean f/t PSA ratio between benign and malignant prostatic disease, a group sample size of 43 each was calculated to achieve 91% of power using two sided two sample *t* test.

Total and free Serum PSA was measured by an immunoenzymetric assay kits (DSI EIA PSA, Italy) that have minimum detectable value of \<0.003 and 0.001 ng/ml from a single laboratory of the department of urology. These measurements were performed in stored serum sample of men presenting before May 2009 (*N* = 42). Two outcomes as cancer versus no cancer were considered. Sensitivity and specificity of f/t PSA ratio were derived on receiver operating characteristic curve for the PSA range of 4-10 ng/ml and 4-20 ng/ml. A cut-off of f/t PSA ratio was derived at 95% specificity. Specificity was also calculated at different cut-offs suggested in the literature to defer biopsy, i.e., 7%, 10% and 15%. The one-way ANOVA and Bonferroni test was used to compare free to total PSA ratio in patients with and without cancer in relation to age, prostate volume and Gleason score. *P* \< 0.005 were considered to be significant. All statistical analyses were performed on SPSS 16 (Chicago, USA).

RESULTS {#sec1-3}
=======

Out of 170 men with total PSA of 4-20 ng/ml and normal RE, 40 (24.7%) men had cancer on biopsy. The mean age was 67.5 ± 6.7 years. In the PSA range of 4-10 ng/ml and 10-20 ng/ml, PPV of cancer was 21.5 and 29.5% respectively. Area under the curve with f/t PSA ratio for predicting prostate cancer was 0.63 (confidence interval \[CI\]: 0.54-0.71) *P* value 0.010 in PSA levels of 4-20 ng/ml and 0.71 (CI: 0.59-0.82) *P* value 0.004 in the PSA range between 4 and 10 ng/ml \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. The median value of f/t PSA for men with cancer was 5.6% (0.1-25%) and 9.4% (0.1-63%) for those with no cancer. Median values at different PSA range is given in [Table 1](#T1){ref-type="table"}. The cut-off of f/t PSA derived for all men at 95% specificity was 1% and 0.5% with PSA of 4-10 ng/ml and 4-20 ng/ml respectively. Cut-off of f/t PSA derived as 7%, 10% and 15% had a specificity of 73%, 60%, 45% and 63% 47% 35% respectively for PSA range of 4-10 ng/ml and 4-20 ng/ml \[[Table 2](#T2){ref-type="table"}\].
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Median value of f/t PSA at different PSA levels
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Sensitivity and specificity of f/t PSA at different cut off level and corresponding test characteristics of total PSA
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Nearly, 9% of men had prostate volume of less than 30 g, 70% with 30-50 g and 21% had volume of more than 50 g. Similarly, among the men who had cancer, 26% had Gleason of less than 6, 20% with Gleason 7 and 54% had a primary Gleason grade of four and above. The difference in the median value of f/t PSA among men with cancer or no cancer was not confounded by the age of the patients and prostate weight. Similarly, Gleason grade did not show a trend of lower values of f/t PSA ratio in relation with the increasing grades \[[Table 3](#T3){ref-type="table"}\].

###### 

Effect of age, prostate weight and Gleason grades on the f/t PSA levels
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DISCUSSION {#sec1-4}
==========

Following recommendation by USPSTF that regardless of age, men without symptoms should not routinely have their PSA tested, AUA has issued a new guideline on PSA screening, which recommends that shared decision-making based screening should be an appropriate option in men between 55 and 69 years of age (<http://www.cancernetwork.com/prostate-cancer/content/article/10165/2143059>). In India, where there is no such guideline available, most of the urologists are getting PSA done for their patients presenting with LUTS. In the western population, the probability of detecting prostate cancer, in the range of 4-10 ng/ml is around 30%, which increases to about 67% at PSA level of more than 10 ng/ml.\[[@ref2]\] Data from our institute have demonstrated that cancer detection rate in Indians, based on screening for symptomatic men with normal RE was 15.2% and 24% for PSA between 4-10 ng/ml and 4-20 ng/ml respectively.

The low PPV, as seen in Indian men, has also been reported in another Asian country Korea, where PPV in PSA range of 4-10 ng/ml in symptomatic men was found to be 15.95, which is comparable with the rate in the present study.\[[@ref6]\]

Low PPV of the total PSA results in an unnecessary biopsy in a significant number of patients. Total to free PSA has been described to reduce this rate of needless biopsies. Free PSA could differentiate between benign and malignant disease as it has been found to be in lower concentration in patients with carcinoma prostate.\[[@ref7][@ref8]\] Although prostate cancer cells do not produce more PSA than benign prostate epithelium, the PSA produced from malignant cells appears to escape proteolytic process resulting in more serum PSA complexed to Alpha chymotrypsin (ACT) and a lower percentage of total PSA that is in free form.\[[@ref9]\]

Currently, f/t PSA ratio is approved by the Food and Drug Administration for men with normal RE and PSA within the diagnostic gray zone of 4-10 ng/ml. Data on various cut-off levels of f/t PSA for improving the specificity are mostly from population based screening and extrapolating this information for screening symptomatic men for prostate cancer would not be correct. There is no literature on the cut-off levels of f/t PSA for screening for symptomatic men.

Largest ever experience on f/t PSA is from a multi-center trial, where subjects were primarily enrolled through prostate cancer screening centers and had not received any treatment for prostate symptoms. In that trial, a cut-off to avoid biopsy was suggested as 25% in men with PSA range of 4-10 ng/ml regardless of age and prostate volume.\[[@ref4]\]

In one meta-analysis on 19,643 patients, area under the curve for f/t PSA in the PSA range between 4-10 ng/ml, was 0.68, which would denote a weak test to discriminate between benign and diseased states.\[[@ref10]\] To make use of f/t PSA, one would expect a cut-off with a higher specificity to avoid unnecessary biopsy. In that meta-analysis, a cut-off of 10% gave specificity of 72% and at a cutoff of 7%, specificity derived was 92%.\[[@ref10]\] In the present series, the area under the curve in the same PSA range of 4-10 ng/ml was 0.71 (CI: 0.59-0.82). At 95% of specificity, which ideally should be the case, cut-off derived from present data was 0.5%, which is much lower than the reported cut-off from asymptomatic men.

Why would symptomatic men have such a low specificity of f/t PSA? The possible reason could be that symptomatic men have relatively higher percentage of benign prostate tissue with or without subclinical inflammation. It has been shown that PSA level (which is a denominator) in men with BPH is higher than asymptomatic men and moreover, subclinical inflammation has also been associated with lower levels of free PSA than in men without inflammation.\[[@ref11]\] Hence, overall f/t PSA ratio is coming out to be very low.\[[@ref11]\]

The highest probability for cancer was observed in men greater than 70 years of age who had a f/t PSA of less than 7%.\[[@ref12]\] However, we did not find any relation of age with the f/t PSA. Similarly, f/t PSA did not show a trend of reduction in the percentage with the increasing Gleason grades.

Free PSA was measured in samples from men before 2009 from the stored sera. To contain the possibility of degradation of free PSA in stored sera, we compared the readings between samples from stored sera and the ones done in fresh samples. In both kinds of samples, a value of free PSA was lower than reported in the literature. Regarding storage of serum affecting the true value of free PSA, it has been seen that sera stored at temperatures of − 70°C did not demonstrate worse test performance than the samples analyzed prospectively.\[[@ref13]\] In another study, it was seen that serum sample stored at − 70°C for 2-5 years, there was no significant decline in the values of free PSA.\[[@ref14]\]

It is evident from our study that f/t PSA ratio adds modest clinical value in symptomatic men with PSA range of 4-10 ng/ml and 4-20 ng/ml. With accepted cut-offs of 7% and 10%, the specificity has been found to be too low to be taken as a parameter to defer biopsy. There are weaknesses in the present study. Men with negative initial biopsy did not have a second set of biopsy. Secondly, it is a retrospective study. Despite these weaknesses, this study opens up an interesting debate, that cellular and molecular understanding of free PSA to differentiate malignant from benign disease of the prostate gland needs further elucidation.

CONCLUSIONS {#sec1-5}
===========

Percent f/t PSA ratio has been used in the practice to improve PPV for detecting cancer in the PSA range of 4-10 ng/ml. Most of information on f/t PSA is based on the population based screening of men for prostate cancer. This study highlights the value of f/t PSA in symptomatic men and found a very limited value to improve specificity of total PSA or in other words to reduce unnecessary biopsy in the PSA range of 4-20 ng/ml. There is a significant overlap of f/t PSA ratio in men with cancer and BPH. In places where symptomatic men are screened for prostate cancer, the use of "free PSA" should be reconsidered.

The authors are thankful to the funding agency Indian Council of Medical Research.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
